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APOLLO 8 MANEUVER ATTITUDES RELATIVE TO THE
CELESTIAL SPHERE AS VIEWED FROM THE SPACECRAFT

By Charles T. Hyle and Alfred N. Lunde
1.0 SUMMARY

This report depicts star-field, earth-mooh terminator and horizon
orientations for the Apollo 8 mission as viewed from the spacecraft
commander's window. In addition to providing an understanding of the

geometry and backup attitude references, December launch window effects
have been investigated.

2.0 INTRODUCTION

Because the geometry of the earth, moon, .sun, and spacecraft con-
stantly varies during a lunar mission, it is often difficult to visual-
ize. When the launch window effects (different launch days, opportuni-
ties, etc.) are added, visualizing the problem becomes even more complex.

Since a knowledge of how the spacecraft should be oriented with
respect to familiar objects visible from the spacecraft window would be
invaluable for performing abort maneuvers as well as the nominal maneuvers,
the primary objective of this report is to provide out-the~window views
for the Apollo 8 mission.

Important secondary objectives are:
1. To establish possible backup attitude references for the
major maneuvers; translunar injection (TLI), lunar orbit insertion (LOI);

and transearth injection (TEI).

2. To provide moon reference horizon information to support an
LOI GO - NO-GO.

3. To investigate lighting and geometry changes during the
December 1968 launch window.



The major analytic tool used in producing this report was developed
by the Computation and Analysis Division. Mr. G. B. Roush in particular
is acknowledged for his support.

3.0 THE NOMINAL MISSION

The December 21, 1968, 72° launch azimuth, first TLI injection
opportunity trajectory is the primary lsunch opportunity. This lunar -
mission trajectory has been plotted on a map of the celestial sphere
(fig. 1) and shows the inertial positions of the spacecraft with respect
to the stars, sun, and moon. Although it is not currently known how the
sun affects the observation of stars from the spacecraft, an approximation
of visible stars is indicated by the unshaded area of the figure.

A schematic of the nominal Apollo 8 trajectory as viewed from above
the earth-moon plane showing spacecraft, pilot, and terminator orienta-
tion is presented in figure 2.

An out~the-window yiew from the commander's thrust position is shown
for the nominal TLI ignition, midpoint of the burn, and end of burn in
figure 3. The field of view from the top to bottom is 100° and the reticle
shown has a 10° field of view. Visible stars are identified either by
name or in the table at the top of the figure.

The earth as viewed while enroute to the moon during translunar
coast (TLC) is depicted in figures U(a) through 4(f). It is assumed that
the spacecraft has been pitched so that it is pointing in plane toward
the center of the earth. Passive thermal control attitudes were not
investigated. Use of the terminator to establish the flight plane is
seen to be perfectly feasible. This is especially useful for TLC aborts
during which the earth always appears in the window field of view
(ref.l).

At 55 hours ground elapsed time, as the trajectdry approaches the i
moon's sphere of influence (MSI) the moon appears as shown in figures 5(a)
through 5(d).

For the last hour prior to LOI ignition, it was assumed that the
spacecraft was in an LOI(1) attitude. Associated window views are shown
in figures 6(a) through 6(f). The occultation of the earth should be
noted. Figures T(a) through T(c) show the terminator, horizon, and up
to third magnitude stars which are visible at LOI ignition, midpoint of
the burn, and end of burn. Of particular interest is the orientatian of
the constellation Orion and the fact that Betelguese is occulted during
the maneuver. It is noted that all maneuvers (TLI, LOI, and TEI) are
performed with the crew in a heads-down position (fig. 2).




Since TEI occurs in sunlight for the nominal mission, the stars shown
in figures 8(a), 8(b), and 8(c) are obscured. It is noted that the sun is
shining directly into the window for this burn. The transearth coast
phase (TEC) is depicted in figures 9(a) through 10(h) showing the re-
ceding moon and then the approaching earth at various times.

4.0 HORIZON REFERENCE GO - NO-GO

As part of the general maneuver monitoring procedures recommended
in reference 1, an externally referenced attitude check should be made
prior to each maneuver. Although this is normally done using stars and
the spacecraft optics several minutes prior to ignition, another conven-
ient method will be used at LOI. Tt consists of checking the line-of-
sight (LOS) angles to the horizon from the spacecraft X-body axis while
the spacecraft inertially holds the LOI(1) attitude. This angle for the
nominal trajectory and several opportunities is shown from an hour prior
to LOI ignition through the burn in figure 11. Prior to ignition, the
crew will measure the LOS angle to the lunar horizon using the crew
optical alignment sight (COAS) and if this angle is not within +5° of
the required angle at that time, the crew will not perform LOI. The
angle to the lunar horizon as measured from the local horizontal is
shown in figure 12. An additional feature could be added to this pro-
cedure on later launch days; the angle from the Xb—axis to the terminator

would provide a more accurate measurement. This is impractical on
December 21 as the trajectory approaching the moon is in darkness.

5.0 LAUNCH WINDOW EFFECTS

The out-the-window views for a lunar mission are affected by (1) the
launch day, (2) the launch azimuth, and (3) the TLI injection opportun-
ity (first, second, or third). Maneuver ignition and end points for
TLI, LOI, and TEI are shown relative to daylight and the terminator across
the December 1968 and January 1969 launch windows in figures 13(a), (b),
and (c). These figures depict whether the crew can see a lighted horizon
in the maneuver attitude. Of primary interest are those launch days
which have one of the maneuvers passing into or out of sunlight during
the burn. Using figure 14 for orientation, this effect on LOI and TEI is
shown in figures 15(a) through 30(c). These figures also show the launch
azimuth effects. Because of difficulty in obtaining input data, TLI is
not shown. Also, only the December window was investigated, because of
similarities to the January window. Days and azimuths included are



December 21, 23, and 27, 1968, and 72°, 90°, and 108°, respectively.

With the exception of the nominal LOI and TEI for December 21, all

other LOI and TEI window views are in error by approximately 2° due to
the use of burn targeting obtained with Lambert rather than external AV
steering. Effects on views out the window during LOI due to a second
opportunity TLI as well as day and azimuth are shown in figures 31(a)
through 3U4(c). These figures may be useful when used in conjunction with
reference 2.

6.0 PROGRAM ACCURACY

In the figures shown, the field of view is indicated in units,
not degrees. The X~Y location of each star is shown on the top of the
figure. A star catalogue (table I) identifies the stars appearing on
all figures. The location of any specific star in the table can be
approximately one unit off from the indicated location of the star. This
is attributed to the fact that the program prints out the location of
the star to the nearest unit. The field of view is 100° for TLI, LOI,
and TEI (2° per unit). The TLC and TEC have a field of view of 30°.
The view through the window is as seen by the commander's left and
right eyes while he is sitting in a head-back position.

7.0 CONCLUSIONS

An understanding of spacecraft attitudes with respect to the sun,
earth, moon, and stars is particularly useful in verifying maneuver
attitudes normally described by IMU gimbal angles. This is especially
true for Apollo 8 since IMU gimbal angles are referenced to several
specific inertial orientations (REFSMMATS) instead of preferred plat-
form alignments (non-zero IMU angles).

This report has presented numerous figures depicting the view from
the Apollo 8 commander's window which include star-field, earth and moon
terminator, and horizon orientations. This information should prove
invaluable in assuring the crew that maneuver attitudes for both abort
and nominal circumstances are correct.,
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Note: For all maneuvers
crew in heads-down
position relative to
the earth or moon.

Figure 2.- A schematic of the maneuver attitudes and lighting for the nominal mission.
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Begin TLI burn,
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Middle of TLT burn.
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End of TLI bum.
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Figure 6,- Star field and earth as obsetrved prior to LOI,

(a) 1 hour prior to LOI initiation.
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(b) 30 minutes prior to LOI initiation.

Figure 6, Continued,
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(c) 14 minutes prior to LOI initiation.

Figure 6 .- Continued.
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(d) 10 minutes prior to LOI initiation,

Figure 6 .- Continued.
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Figure 6.- Continued,
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Figure 6,- Concluded.
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Figure 7a.- Launch date December 21, 1968; 72° launch azimuth; first opportunity.

Beginning of LOI burn.
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Figure 7b.- Launch date December 21, 1968; 72° launch azimuth; first opportunity.

Middle of LOI burn,
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Figure 7c.- Launch date December 21, 1968; 72° launch azimuth; first opportunity.

End of LOI burn,
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Figure 14.- Approximate lunar lighting conditions for the December window.
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Figure 15a.- Launch date December 21, 1968; 90° launch azimuth; first opportunity.
Beginning of LOI burn.
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Figure 15b.~ Launch date December 21, 1968; 90° launch azimuth; first opportunity.
Middle of LO! burn,
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Figure 15c.~ Launch date December 21, 1968; 90° launch azimuth; first opportunity.
End of LOI burn.
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Figure 16a.- Launch date December 21, 1968; 108° launch azimuth; first opportunity.
Beginning of LOI butn,
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Figure 16b. - Launch date December 21, 1968; 108° launch azimuth; first opportunity,
Middle of L.OI burn,
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Figure 18a. - Launch date December 23, 1968; 90° launch azimuth; first opportunity,
Beginning of LO] burn,
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Figure 18b.- Launch date December 23, 1968; 90° launch azimuth; first opportunity,
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Figure 18c.- Launch date December 23, 1968; 90° launch azimuth; first opportunity.
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Figure 19a.- Launch date December 23, 1968; 108° launch azimuth; first opportunity.
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Figure 19b.

- Launch date December 23, 1968; 108° launch azimuth; first opportunity.

Middle of LOI burn.
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Figure 20b. - Launch date December 27, 1968; 72° faunch azimuth; first opportunity.
Middle of LOI burn,
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Figure 20c.- Launch date December 27, 1968; 72° launch azimuth; first opportunity.

End of LOI burn.
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Figure 21c.- Launch date December 27, 1968; 90° launch azimuth; first opportunity.
End of LOI burn,

-10




Y, nd

10

-10

-20

SER 349
X 1
A4 -22

SEG 592
X 24
Y 1

356
-12
-l9

604
24
5

382
n
=21

639
23
13

79

H4n 473 480 507 &p9
] -3 n 19 21
-3 -3 =3 -7 -8

515
3
2

535 54p 577 58y

2 19 23
7 -3 0

17
A

AN IR A

10

20

Figure 22a. - Launch date December 27, 1968; 108° (aunch azimuth; first opportunity .

Beginning of LOI burn.

10

-20

pu ‘A



80

SEG 349  3%6  Je2 M4 473 4B o/ SuU9 515 535 5S40 677 S8U
X 2 =11 0 -1y -3 1 14 P3l H 3 20 24 17
Y -2t -18 -2y -3 -2 -2 -bh -7 3 8 -2 0 7

™y
.

Y, nd

T

-10

‘lll|llilllllllllll

I.
P bkl

10 20

Figute 22b .- Launch date December 27, 1968; 108° launch azimuth; first opportunity.
Middle of LOI burn.
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Figure 22c.~ Launch date December 27, 1968; 108° launch azimuth; first opportunity.
End of LOI burn.
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Figure 23a.- Launch date December 21, 1968; 90° launch azimuth; first opportunity.
Beginning of TEI burn.
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Figure 23b.- Launch date December 21, 1968; 90° launch azimuth; first opportunity.
Middle of TEI burn.
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Figure 23c.- Launch date December 21, 1968; 90° launch azimuth; first opportunity.
' End of TEI burn,
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Figure 24a.- Launch date December 21, 1968; 108° launch azimuth; first opportunity.
Beginning of TEI burn.
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Figure 24b.- Launch date December 21, 1968; 108° launch azimuth; first opportunity.
Middle of TEI burn.
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Figure 24c. - Launch date December 21, 1968; 108° launch azimuth; first opportunity.

End of TEI burn.
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Figure 25a.- Launch date December 23, 1968; 72° launch azimuth; first opportunity,
Beginning of TEIl burn.
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Figure 25b. - Launch date December 23, 1968; 72° launch azimuth; first opportunity.
Middle of TE! burn.
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Figure 25¢.- Launch date December 23, 1968; 72° launch azimuth; first opportunity.
End of TEI burn,
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SE@ 15 861 871 904 907 909 933 984 99U 1001 JOID 102¢ 04}
x 1y = 0 -19 =18 <14 14 <16 =2 i2 19 4 7
Y 23 2 2 -y -5 -5 3 =20 ..( .12 -9 wlp w22

20

10 |

Y, nd

-20

Figure 26a. - Launch date December 23, 1968; 90° launch azimuth; first opportunity.
Beginning of TEI burn.
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SEQ 15 757 836 w41 844 861 871 904 0/ U9 Y33 984 990
X {19 20 0 2 -2 -1 G «19 =18 =i5 14 =14 -3
Y -23 R 6 5 5 2 ] -4 -5 =5 =3 =20 =17
SEQ 1001 101V 1028 (041
X 12 18 14 7
\ -2 - «)5 =22
20
10 |-
L
o F -
L
S
L
-10 . -
=
- .
-20 . -
I .
N N BN 1. N N R N N
-20 -10 0 10 20
X, nd

Figure 26b. - Launch date December 23, 1968; 90° launch azimuth; first opportunity,

Middle of TEI burn,
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SEQ 15 757 781 790 793 797 ‘802 836 B4] g44 Bl a7l 904

X 18 20 13 10 3 6 4 0 1 -2 -2 0 =2v
Y -23 8 9 9 10 9 9 6 5 S 2 i -4

SEQ Pu’ U9 933 984 990 100} 1ul0 1024 104}
X -1 =15 13«17 -3 12 18 13 .
Y -5 -5 =3 20 =17 =13 “% =15 -2

-10 | , o -

. i | ] 1. C 1
-20 -10 0 10 20
X, nd

Figure 26¢.~ Launch date December 23, 1968; 90° launch azimuth; first opportunity,
End of TEI burn.
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Sty 1o b4}
A 19 P

Y =24 4
SEQ iben busl
X i4 /
Y ., 0 L)

o b,

Bhw
-2
q

LY

871
9]
i

ollt

Yus4 Yis7
=i9 -iu
=t -6

YuY
-4
-6

v33
4
-l

Y64
-16

-zl

Yvu
'
=le

luul
12
-4

lulu
iy
-lu

-20

10

20

Figure 27a.- Launch date December 23, 1968; 108° launch azimuth; first opportunity.
Beginning of TEI burn.
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SEQ 757 81
X 20
Y 7

sEg 1028 1gy
X 14

Y =l6 a2

6 B41 844
0 2 -2
5 4 4
1

3

95

861 871 904
=1 o =19
! 0 -5

07
~19
=6

909

-15
-b

933

14
-4

984
-16
=21

990 1uv0!
L] 12
-} -14

1010

I8
10

- -20

-10

X, nd

10

20

Figure 27b.-Launch date December 23, 1968; 108° launch azimuth; first opportunity.
Middle of TEI burn.
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seq 757 781 789 790 793 797 802 8U3 836 841 844 ael
3 20 13 3 10 3 [ 4 =17 0 i -2 -2
Y 7 7 9 8 9 8 8 10 5 4 4 1
SEG Y04 90/ 9u® 933 984 990 luul lulp 1028 1041
X 20 ~19 =15 13 =17 -3 12 18 13 .
Y -5 -8 -6 o4 =21 19 =14 =1pg =16 =23

871

lvvu:v-.v-l

™7

T

-10 0
X, nd

-20 10 20

Figure 27c.- Launch date December 23, 1968; 108° launch azimuth; first opportunity.
End of TEI burn,
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10

97

SEG 4 7 15 25 984 990 1028 1041 104% 1048
X -13 -5 20 1l -1l ] 18 9 =lb -9
Y =20 =lg -4 .13 0 4 5 0 =13 «io

v—r-r-r

llll'lllllllll'rlllrlll|'1lt

NS BN B L | j

-20 -10 0 10 20
X, nd

Figure 28a,- Launch date December 27, 1968; 72° launch azimuth; first opportunity.
Beginning of TEI burn.
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SEQ 4
X -13
-]9

7
'}
el

15
19
=3

25
i0
»13

984
=12
0

98

990 1001 1128 1041 1044 juye
o 16 16 9 =16 30
5 8 S b =12 =yp

* :<
0+ ° 190 >
g (=9
[
b 4
-10 - . -1-10
]
[
-20 -1-20
[ . A ] NPT I L N
-20 -10 0 10 20
X, nd
Figure 28b. - Launch date December 27, 1968; 72° launch azimuth; first opportunity.

Middle of TEI burn.
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sEQ 4 2 15 25 984 990 1001 1010 1028 10%1 1044 1046
X -14 =7 19 10 =12 0 1421 16 9 <16 ~-I8
y =20 =lag =4 _14 0 4 7 9 N 0 =13 -1

[
= [
= 0F . . 10
-10 F 4-10
4 Y
_20\.— . —1_20
[ ]
R N T N N A B L.
-20 -10 0 10 20
X, nd

Figure 28c.- Launch date December 27, 1968; 72° launch azimuth; first opportunity.
End of TEI burn.
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SEQ 4
X -]4
Y =21

100

7 15 25 984 990 1028 1041 [U4Y 104%e
b 19 10 -i2 0 16 9 -]6 -l{)
-2n -5 .15 -l 2 3 -1 =1% el2

lll'IIII|lllr"vllllliuv‘vr"‘vVﬁv"--

10

-20

Figure 29a.

-10 0 10 20
X, nd

- Launch date December 27, 1968; 90° launch azimuth; first opportunity,
Beginning of TEI burn,
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SEQ 4 ? 15 25 984 990 1001 10p8 1041 1044 1U4e
X -14 =7 19 10 =12 n 18 16 9 «i6 =30
Y =21 =20 =5 _15 al 2 8 3 -1 ei4 =52

20

10 | 10

Y, nd
o
pu ‘A

llll"lllIlllll"lllll"'

N SR N S B R R |,
-20 -10 0 10 20
X, nd

Figure 29b.- Launch date December 27, 1968; 90° launch azimuth; first opportunity.
Middte of TEI burn.
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SEQ 4 7 15 25 984 990 1001 1010 1028 1041 1044 104s
X -14 =7 19 10 =12 0 14 21 15 8 =17 =1
Y -21 =20 -6 .15 -1 2 ) 8 3 -2 =14 -2

e
T 0F
> [ .
-10|_—
-2()'-— .
; *
T U L. — | T A 1 NN 1
-20 -10 0 10 20
X, nd

Figure 29c.- Launch date December 27, 1968; 90° launch azimuth; first opportunity
End of TEl burn,
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SEQ 4 7 15 25 984 990 1028 104] jU4Y 1046

X “}4 -7 19 10 =2 0 16 9 =17 =ip
Y =22 =20 b )b Y 4 F 3 =2 <1% e[2

lIlI[lIllIllll'llll""'l""""

Al....L..l.L — |. L;;l; N AI

-20 -10 0 10 20
X, nd

Figure 30a. - Launch date December 27, 1968; 108° launch azimuth; first opportunity,
Beginning of TEI burn,
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SeQ 4 ? 15 25 984 990 1001 1710 1028 10491 1044 104e
X -14 =7 19 10 =12 1] 14 21 15 9 =17 =)
Y =22 =20 =6 _1b =2 1 8 7 ¢ -2 315 =12

20 20
[
10 - 10
- [
= —Ho
> I
-10 | —-10
20 —-20
[ L N X . | . |
-20 -10 0 10 20
Y, nd

Figure 30b.- Launch date December 27, 1968; 108° launch azimuth; first opportunity.
Middle of TEl burn.
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seQ 4 7 15 25 984 990 100} 1010 1028 1041 1044 J04s
x =I5 =7 8 9 -13 0 1% 20 )® 8 217 ~14
Y =22 ~20 6 .16 -2 | 5 ? ¢ 2 |5 =13

0 r ..0
. 4
-10 I~ -1-10
20 | | ‘ ' - - do20
SR SRS IR IS TR I
-20 -10 0 10 20
X, nd

Figure 30c,~ Lzunch date December 27, 1968; 108° launch azimuth; first opportunity.
End of TEI burn.
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sE0 4 5 22 31 w1 47 e 73 7% 80 o8 111 132
x 15 24 22 22 13 220 3 12 4 B -8 7 g
Y .21 .y -7 -5 _15 -y -14 -8 -l" 0!9 ':12 -f P |

SEG 129 14Y 150 1s1 18s 205 207 215 225 22 23y 2
X 1y v 2 6 =4 ) 6 =17 19 7 -2 =l
v g d -l J G 4 4 ! i 7 u 7

SFO 237 239 245 44 248 252 256 285 27U 271 28}

3 =16 =24 ~1§ _16 5 w17 =21 =2 s 2 -5
Y . 2 M g 8 5 5 s 11 1 12

-10

-20

‘1"*1“1'!'1"'1]"."'

-20 _ -1¢ 0 10 20
X, nd

Figure 31a.- Launch date December 21, 1968; 72° launch azimuth; sezond opportunity.
Begining of LOI burn,
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SEQ 4
X 16
Y -21

SEG 1%
X ]
Y -3
SEQ 239
X -33
Y 2

22
23
-6

150

245
=1a
S

3]
23
-y

244
-ls
5

41
14
al4

186
.5

252

=lé
6

107

47 63 73

21 ] 13
-d -]S -y

205 207 21%
1 7 =l&
5 ? 1

256

w20
&

75
=13
22)

.18
'

8u
-7
-|j
222

1u8
-6
-lz

230
»ll
5

W @

23)

112
9

-3

237
=15
-

120
12
o

Tw'v-v'-

IR B S RARRRRAR Y

YT T Y
.

A

T TTT T T T T T

T T

R N

LIS B S S Sa M Sun s

N

LN B L S A R SN SRk SRS S N S D S S S e s mn s s SIRT SRR

-20

Figure 31b.- Launch date December 21, 1968; 72° launch azimuth; second opportunity.
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Middie of LOI burn
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SEQ 4 41 47 63 73 75 80 g8 1P 112 120 149 1sg
X 18 ls 23 & 1% 7 -5 =5 10 0N 14 ! 5
y =21 =14 a3 15 =7 ]33 =18 12 =3 =3 o -y o
SEG jn; 186 215 221 23( 233 237 237 245 246 256 B
X A =3 =15 =16 =i =23 =13 =22 =lé =~|4 ~I18
Y L U i % 1 5 é 4 5 5
20 — 20
-
10 10
2 : <
< 0 10 %
> : 1 3
-10 L —-10
-20 —-20
| R , l , | | | -
-20 -10 0 10 20
X, nd

Figure 31c.- Launch date December 21, 1968; 72° launch azimuth; second oppottunity.
End of LOI burn.
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SEQ M 22 3 41 47 X} 73 75 8y 1ud !ll 112 120
X 16 22 22 13 21 4 12 4 -8 -7 7 8 12
Y =22 -8 =5 .16 =4 <7 -9 1b =20 i3 .5 a5 o)
SEG ywa 1%0 151 186 205 257 215 221 222 239 231 237
X G 2 6 ) i 6 =17 =iv 7 -2 =1 =jé
Y S " 3 5 o u 6 3 6 3
SEQ 239 245 244 24BR 252 254 264% 270 271 28}
X =24 =18 =14 =5 o7 =2; =12 6 2 -5
Y 1 3 4 ) 4 4 7 10 10 11
-
r.
10 [~ . . — 10
- Betelgeuse — '
o - -
b . .
f .
R Rigel
2 ok e N <
N [ . . . =
b
-10 . —1-10
-20 . =720
.
i Ll . | L | |
-20 -10 0 10 20
X, nd

Figure 32a. - Launch date December 21, 1968; 108° launch azimuth; second opportunity,
Beginning of LOI burn,
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SEQ W 22 31 41 47 ey 78 75 8Y 108 111 112 120
X 17 23 23 14 22 s 13 5 =7 = s 9 13
A ~22 8 -5 .15 e =17 -9 15 "29 -!3 =5 -y -]
SEG 14y L5V 151 86 2Ug 207 215 221 222 30 231 233
X 0 3 7 =5 2 7 =16 =18 8 eil 0 =24
Y ~y -2 0 U 3 1 0 u ? 3 6 o
GEQ 237 239 245 44 248 252 258 248
X =15 =23 ;7 .15 4 wlg =20 a1}
3 t 3 4 6 y ] 7
20
10
i Betelgeuse —
[ - L ]
" [ ] L ]
1 .
C . Rigel
0k /.
N
-10 . .
B 3
-20 .
[ N B | . N
-20 -10 0 10 20
X, nd

Figure 32b. - Launch date December 21, 1968; 108° launch azimuth; second opportunity.
Middle of LOI burn.
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SEQ
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SEQ

»

4

18
22
i5]

41
le
-1s

jue
-3
u

47
24
-y
205

4

P> N

215
14
u

73
15
-9

22
=-lg
0

111

75
7
-ly

230
-9
3

8y
-5
-19

233
~22
0

108
-4
-13

237
-3

1 112
AT §
b -y
239 245
-2} =}

1 3

l20
14
0

246
-13
Ty

149
2
-4

252
-4
)

150
5
-2

2%6
-,'
4

vvvv'vv---v'-trrv'vvrrvvrv...

|

F
—
H
b
L

T T T T T T T T T T T T TTTTT T T T T
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o

-10

0
X, nd
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Figure 32c.- Launch date December 21, 1968; 108° launch azimuth; second opportunity.
End of LOI burn,
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SEQ 349 356 362 440 473 480 507 509 535 535 5S40 577 580
X 2 =12 g =14 -3 1 19 21 4 3 20 24 17
Y =22 ~18 =20 -3 -2 -2 -6 -7 2 8 -2 0 7

SEG 404 649

X 24 24
Y 6 13
10 J 10
z | ] <
. 0 -0 -
> : ] 3
-10 | —-10
20 ) —-20
) e e e | R DT U A
-20 -10 0 10 20
X, nd

Figure 33a.- Launch date December 27, 1968; 72° launch azimuth; second opportunity.
Beginning of LOI burn,
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Figure 33b.- Launch date December 27, 1968; 72° launch azimuth; second opportunity.

Middle of LO} burn,

308 349 356 362 377 440 473 48D Hpv 09 BI5 835 540 577 %80
=24 2 -1} 1] =24 =13 -2 1 20 22 4 4 21 24 18
19 =21 =17 =i9 -8 -2 =l -1 -t -6 3 8 -1 i L]
20
- 10
3 <
3 r
- —4 0
[ . :
- 1
L . -
b -
e
- —-10
:/—Sirius N
* -—1-20
i .
IR S R I S R R R R
-20 -10 0 10 20
X, nd
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SEQ 200 ADR 349  i5e 342 377 440 473 480 507 5ny 515  54p
X -4 =27 4 -3 2 =2} =2 ) 3 21 23 b 22
Y ~21 =19 =20 «l& =13 -7 -1 0 o] -4 -5 5

,vvrvvvvtrlvvrvv-

/—Sirius ’

T 7T

1.

-20 -10 0 10 20

Figure 33c.- Launch date December 27, 1968; 72° launch azimuth; second opportunity.
End of LOY burn.
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SEQ 349
X 2
Y =22
SEG 580
X 17
Y A

31564
-}2
=19

592
24

342

=21

604
24

44n
-l Y
-3

639
23
13

115

473 4”0 5177 5p9 515 535 5S4p 577
-3 0 19 21 3 3 20 23
-3 -3 -7 -8 2 7 -3 o

lillllllll'Ile"

T T D

-20

-10

0 10 20
X, nd

Figure 34a.- Launch date December 27, 1968; 108° launch azimuth; second opportunity.,

Beginning of LOt burn,
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SEn 49 354 342 44" 473 4”0 577 5N9 515 535 54p0 577 SAn
X 2 -l n =14 -2 1 19 22 4 3 20 24 17
Y -22 =19 =20 -3 -2 -2 -6 -7 2 7 -2 0

7

= ]
. 0 b -]
> - p
-10 — -
-20 — * -

N R N N B oo . |

-20 -10 0 10 20

X, nd

Figure 34b.- Launch date December 27, 1968; 108° launch azimuth; second opportunity.
Middie of LOI burmn,
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SEQ 308 349 356 162 377 440 473 48D 507 509 515 Sug
X -24 3 =10 { =24 =113 -1 2 20 23 5 21
Y 20 =21 =18 =19 -8 -2 el - -5 -d 3 -1

Y, nd

-10

1

N

o
|

/—Sirius . o .

—{-10

-20 -10 0 10 20
X, nd

Figure 34c.- Launch date December 27, 1968; 108° launch azimuth; second opportunity.

End of LOI burn.
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